1 Weather forecasting is a subset of weather services more broadly defined. This paper focuses on weather prediction, but we would suggest that the issues raised in the paper have potentially broader applicability to weather (and climate) services more generally, but this application goes well beyond the present focus.
S
ociety invests considerable resources into the science and technology of weather services. By some estimates, public and private direct expenditure for the provision of weather forecasting totals more than approximately $5 billion annually (Hooke and Pielke 2000) . 1 Public sector investment in operations, observational and computational infrastructure, and research and development compose the majority of this total. However the private sector is rapidly developing, with estimates of the market for weather services approaching $1 billion [United States Weather Research Program (USWRP) 2001] . Another type of estimate suggests that approximately $1 trillion of the nation's $7 trillion economy is weather sensitive [e.g., National Research Council (NRC) 1998 ]. But as interesting as these numbers might be, what do they say about the appropriate level of investment by society-in the public and private sectorsfor weather services? The answer is "not much."
In order to effectively assess the market for weather services, and thus properly scale the level of resources that, for example, the U.S. Congress or a company ought to devote to serving this market, decision makers need information on the costs and benefits associated with alternative courses of action (cf. Pielke and Glantz 1995) . To date such information has not been readily or systematically available, raising questions about the effectiveness of investment in the science and technology of weather (Emanuel et al. 1995; Pielke et al. 1997; NRC 1999) . On the one hand, there are those engaged in research, development, and operations that argue the nation is underinvesting in weather, thus leading to missed opportunities and benefits as yet unrealized. On the other hand, there are those responsible for resource allocation decisions that cast a skeptical eye on the claims of opportunities and benefits, and note the not insubstantial ongoing investments into weather. The sidebar on page 394 provides examples of the sorts of questions that might be raised by such skeptics. The result is a standoff. Decisions about investment are made largely in the absence of information about the relative worth of alternative courses of action, and are thus subject | to political tinkering and ad hoc, piecemeal decisions-what Hooke and have called "an orchestra without a conductor. " We argue that the allocation of resources to weather in the public and private sectors is unlikely to become more effective-and of particular concern to the weather community, to grow significantlyunless the weather community takes an integrated perspective on weather impacts, forecasts, and policy that provides decision makers with reliable information on the costs and benefits of alternative courses of action. This paper suggests one such integrated perspective that might guide the provision of such information to decision makers.
IMPACTS OF WEATHER-IMPACTS OF FORECASTS.
It is well understood that to have value, information must be relevant in some fashion to a specific decision (Katz and Murphy 1997) . Value results from making a decision (or decisions) that results in outcomes with greater benefits (less losses) than would a different decision (or decisions). The calculation of cost and benefits associated with alternative future courses of action are a form of prediction, subject to the same sort of uncertainties, reliance on assumptions, and judgement errors that characterize other types of prediction (Sarewitz et al. 2000) . It is therefore important to routinely evaluate the "goodness" of such cost and benefit projections ret- 
rospectively, for example, against actual experience (e.g., Stewart 1997) . But whether looking forward or back, in theory or in practice, all measures of costs and benefits of weather services have their origins in the knowledge of the impacts of weather and of weather forecasts.
The quantitative assessment of the impacts on society of weather and climate extremes is challenging. There is no centralized collection of data and no standardized methodology. (The H. John Heinz III Center for Science, Economics and Environment 1999; NRC, Committee on Assessing the Costs of Natural Disasters 1999). Thus, any assessment must pay attention to at least three factors: 1) how impacts are measured, 2) what is overlooked through reliance on available quantitative information, and 3) the interrelation of atmospheric and societal trends that condition temporal or spatial patterns in impacts.
The analyst's choice of the temporal and spatial scale of the impacts affects the assessment (Kunkel et al. 1999) . Over different periods and areas one can arrive at different, but equally valid, measures of impacts. For instance, while a local community might experience devastating losses immediately following a weather disaster, at a regional or national scale there are those who might benefit over a longer period through such effects as increased commodity prices or an increased demand for building supplies. Direct impacts (i.e., economic or loss of life) that are immediately related to the event are generally the most easily measured. Second-order impacts (e.g., costs associated with providing freshwater and supplies) may be incurred days or weeks after the event. Higherorder impacts (e.g., loss of tourist revenue, change in tax revenues) may occur months or years later and are difficult to identify and quantify amid the normal variability of social processes.
Another factor is the difficulty in quantifying certain losses, such as human hardship or environmental damages. Measurable economic losses and casualties are not all that matters. And even in cases where the impact itself is quantifiable, disentangling the contribution of weather (or weather forecasts) can pose a significant challenge (Katz and Murphy 1997) .
To accurately interpret economic losses or lives lost from weather events requires understanding of the causes of those events. Because societal impacts are a joint function of atmospheric events and human action, the analyst must take care to discern which combination of factors results in impacts (e.g., hurricane damage and airplane accidents are both often the result of both weather and poor decisions). Economic losses must be adjusted for inflation and other relevant changes such as population growth and increasing wealth in order to discern changes in climate or to assess the value of scientific information. In addition, casualty rates are influenced by factors such as population density, standards and styles of living, the changing nature of business and commerce, and improvements in forecasting and warning systems for severe weather events. Normalization methodologies have been employed in a number of contexts (but not all) to help disentangle the impacts record (e.g., Changnon et al. 2000) .
The concept of weather impacts and weather forecast impacts include
• extreme events, including droughts, hurricanes, floods, blizzards, tornadoes, thunderstorms (including hail), etc.; • the benefits of good weather, meaning favorable conditions for a particular activity; • routinely disruptive weather, defined as not extreme, but significant enough to warrant behavioral adjustments; and • forecast impacts, particular those associated with type I and type II errors, that is, misses and false alarms (including overwarning). Recent experiences with hurricane and winter storm forecasts along the U.S. east coast are highly visible examples of such impacts.
The following three sections briefly review each.
Extreme events. Because of their tremendous impact, researchers have devoted considerable attention to extreme weather impacts. Kunkel et al. (1999) review economic and other human losses related to extreme weather in the United States. Table 1 provides an update of their data, showing for the 1990s on the order of 900 deaths and >$13 billion in losses annually. Caution is urged in the use of these aggregate figures. Different measures might arrive at smaller or larger results. For instance, the loss of life estimate neglects the 6000 or so people who lose their lives in weatherrelated traffic fatalities and the 50 000 to 120 000 premature deaths related to air pollution. 2 Of the phenomena reported here, the largest loss of life in recent years has been associated with temperature extremes. Good weather and routinely disruptive weather. By contrast, researchers pay considerably less attention to the benefits of good weather or the impacts of routinely disruptive weather. The report of a 1997 workshop on weather impacts concluded "the cumulative impacts of more typical day-to-day weather were significant, and probably much larger than the attention-getting extreme events" (USWRP 1997). Evidence for this assertion is scattered, but a good deal of the literature is summarized in Katz and Murphy (1997) and in an online resource on the Weather and Climate Forecast Use and Value Bibliography (online at http:// sciencepolicy.colorado.edu/biblio/index.html). Given the vast potential benefits associated with reducing the impacts of routinely disruptive weather or capitalizing on opportunities afforded by good weather, Katz and Murphy (1997) note that "somewhat surprisingly. . . relatively little attention has been paid to determining the economic benefits of existing weather forecasting systems or the incremental benefits of improvements in such systems." It is also worth noting that in recent years federal agencies have devoted considerable effort to understanding societal impacts related to seasonal and interannual climate (see, e.g., the Economics and Human Dimensions Program of the National Oceanic and Atmospheric Administration's Office of Global Programs online at http://www.ogp. noaa.gov/mpe/csi/econhd/index.htm, a subset of a broader program on Climate and Societal Interactions).
Forecast impacts. Forecasts themselves can have profound impacts. And given the reliance of society on weather (and increasingly climate) forecasts, the management of the impacts related to the use and misuse of forecasts will be increasingly important in the future (e.g., NRC 1998). An example illustrates the importance of forecast impacts.
In 1999, Hurricane Floyd attained the dubious distinction of being the first billion-dollar storm in which the costs of the evacuation rivaled the costs of the storm's impacts. Assuming for present purposes that the costs of evacuation are in the neighborhood of the oft-cited $1 million per coastal mile, then the evacuation of about 2000 miles of coast related to Floyd's track along the U.S. east coast totaled $2 billion. According to the insurance industry, insured losses associated with Floyd totaled more than $1 billion, and flood costs add at least several billion to that.
In this extreme case of overwarning, this distinction between forecast impacts and weather impacts is significant because it dramatically reveals one of the hidden costs of hurricanes. Because forecasts are uncertain and liability looms large, much more coastline must be warned than will actually experience a hurricane's impact. Consider that a hurricane typically directly affects about 100 miles of coast, and the average length of coastline warned per storm is 400 miles. This means that, on average, 300 miles of coast are warned but do not experience the direct effects of the hurricane (see Jarrell and Demaria 1999; Pielke 1999a) . Floyd was obviously an extreme example of overwarning, but perhaps also an indication of the sorts of problems faced in the future as more and more people move to coastal locations.
A relative lack of surprises in the historical record is an indication of overwarning (Powell and Aberson 2001) , that is, the assumption that it is better to warn and experience a miss than not warn and experience a hit. However, overwarning is not free. Again, assuming that the cost of overwarning is $1 million per mile and that the average length of coastline warned per storm is 400 miles (after Jarrell and Demaria 1999) then the annual cost of this form of overwarning (a warned miss) can be computed as follows. Over the period 1976-2000 in the United States and its territories (in the Atlantic and Caribbean) hurricane warnings were issued for 12 hurricanes and tropical storms that did not strike, or an average of one every 2 years (Powell and Aberson 2001) . Thus, one estimate of this form of overwarning is $200 million per year:
(12 hurricanes)(400 miles)($1 million per mile)(24 yr).
For the mainland United States the figures are 7 storms and about $120 million per year.
Furthermore, improved forecasts offer the promise of reducing the costs of overwarning by providing greater accuracy and reliability to emergency management officials who must make difficult evacuation decisions (in concert with the National Hurricane Center, the Federal Emergency Management Agency, and in some cases, elected officials). How might this occur and what might be saved? In 1997, the average error in hurricane track forecasts at 24 h was about 90 miles (where error is the difference between where a storm is predicted to go and where it actually goes) (M. Demaria 2000, personal communication). And 95% of such forecast errors were less than 200 miles. By inference, this means that the average 400 miles of coastline warned per storm equates to a 95% confidence level (i.e., ±200 miles = 400 miles). Thus, only 1 in 20 storms will cross the coast over an area that was not warned at 24 h. If improved forecasts can reduce the magnitude of the 95% error in miles of coastline warned by, say, 20% from 200 to 160 miles, then all else being equal, this would lead MARCH 2002 | to a reduction in miles of the coastline warned from 400 to 320 miles (±160 miles) or a cost savings of $80 million per storm without changing the level of risk faced by coastal communities. 4 Some have suggested that instead of reducing the level of overwarning, it would be more important to increase the lead time available to the emergency management community. This argument would seem to be logical, given how long it takes to evacuate many communities and how those times are increasing. But it is impossible to effectively compare the relative benefits of reducing miles of coastline warned versus increased lead time, because the value of improved lead time has yet to be systematically studied. Back-of-theenvelope calculations in the paragraphs above used for illustrative purposes are no substitute for a rigorous empirical analysis.
The hurricane case is likely representative of a more general situation. Considerable benefits might result to public and private sector decision makers if they were to more effectively use the weather services that they already rely on simply by understanding the impacts of the forecasts in the context of the decision environment.
In the area of weather, decision makers lack some of the information necessary to make informed decisions about priorities related to prediction improvement, forecast trade-offs, and community risks. The most basic of this information is baseline knowledge of the impacts of weather and the impacts of forecasts.
THE WEATHER PREDICTION ENTER-PRISE AND THE FORECAST PROCESS.
The weather prediction enterprise. The weather community is a well-developed social and political enterprise (cf. Sarewitz et al. 2000) . It includes many participants with different perspectives. A diverse public demands action or the provision of useful tools and services that would inform action. But because of different values, the public does not always agree on what those tools or services might be. Participants also include policy makers looking to satisfy (or at least address) the conflicting demands made by their constituents, and a scientific community looking both to contribute to problem definition and resolution while at the same time to push the frontiers of knowledge.
The weather prediction enterprise also involves institutions. For example, the National Weather Service and its regional and local components provide forecasts for the general public. Universities and federally funded laboratories are integral parts of the weather prediction infrastructure. Private companies provide a wide range of services ranging from infrastructure developers, to forecast providers, to research labs, to risk management, and so on. But in many cases institutional interests are arguably more narrowly defined from the publics that they are supposed to serve. For instance, the public and private sector forecast communities have had an uneasy relationship that detracts from their shared goals (USWRP 2001).
It should not be surprising that the sheer complexity of the weather prediction enterprise-participants, conflicting perspectives and values, institutions, and significant resources at stake-makes evaluation a daunting task. In fact, the existence of a weather prediction enterprise is generally not recognized as such. Yet the weather prediction enterprise is as real and pervasive as "the health care system." And as with the health care system, one can look in many directions for accountability: to scientists, the media, government regulators, politicians, special interests, and the nonexpert public. Indeed, the weather prediction enterprise is difficult for "outsiders" to penetrate because it often involves expertise that is not widely shared. The development of the enterprise in ways that contribute to societal benefits and simultaneously advance the interests of those within the community likely depends on creating those mechanisms needed by decision makers to evaluate alternative courses of action in terms of their costs and benefits. To create such mechanisms requires an understanding of the forecast process.
The forecast process. A linear model of science and society has implicitly and explicitly shaped thinking about the general connection of science and the rest of society (Pielke 1997) . The model has its origins in Vannevar Bush's classic 1945 report Science: The Endless Frontier, which laid the foundation for post-war U.S. science policy. The linear model has been used as a metaphor or model to explain the relationship of science and technology to societal needs. The components of the linear model are so familiar that they are almost second nature: the model begins with basic research leading to applied research, development, and ultimately applications that lead to societal benefits.
In the 1990s a number of scholars reconsidered the Vannevar Bush framework of U.S. science policy [e.g., Sigma Xi, The Scientific Research Society 1995; National Academy of Sciences (NAS) | of an alternative to the linear model, that helps us move beyond the "grip" that the basic applied distinction has on how we think about science (cf. Pielke and Byerly 1998).
Stokes's alternative to the linear model is shown as a two-by-two matrix with considerations of relevance (yes or no) on one axis and considerations of advancing understanding (yes or no) on the other. In the matrix are the familiar categories of pure basic research and pure applied research. However, a third category has been added, one that is motivated both through consideration of use and a quest for fundamental understanding. Stokes calls this "Pasteur's Quadrant" and labels it "use-inspired basic research." In theory, use-inspired basic research is simply that conducted in any research program with stated societal benefit goals. The concept ought to be familiar to many in the atmospheric sciences, where consideration of the use and value of meteorological information has a long history.
Hooke and Pielke (2000) offer one interpretation of how use-inspired basic research manifests itself in the meteorological community. Weather forecasts are produced in the environment of a broader weather forecast process that includes the production of forecasts, but also communication of current weather and forecast information and the incorporation of that information in user decisions. Often, some mistakenly ascribe a linear relation to the three subprocesses, that is, predict > disseminate > use.
An alternative is to think of these as parallel subprocesses, with significant feedbacks and interrelations between them, in which case, one-way dissemination becomes two-way communication. Drucker (1993, p. 54-55) has written an eloquent description of the modern organization that applies equally well applied to the weather prediction process:
"Because the organization is composed of specialists, each with his or her own narrow knowledge area, its mission must be crystal clear . . . otherwise its members become confused. They will follow their specialty rather than applying it to the common task. They will each define "results" in terms of that specialty, imposing their own values on the organization."
Drucker continues with an apt metaphor: "The prototype of the modern organization is the symphony orchestra. Each of 250 musicians in the orchestra is a specialist, and a high-grade one. Yet by itself the tuba doesn't make music; only the orchestra can do that. The orchestra performs only because all 250 musicians have the same score. They all subordinate their specialty to a common task."
The "common task" of the symphony orchestra is to produce good music. In the prediction process, that common task should be viewed as producing good decisions not simply good predictions. Consequently, forecasts when viewed only as products-no matter how technically good-must be in harmony with the broader prediction process in order to systematically lead to good decisions. Hooke and Pielke (2000) argue that in the case of the weather prediction enterprise, one can identify the components of the "symphony orchestra" but that the various sections are not as well in harmony as they might be, because of the missing "conductor."
Of course the choice of metaphor dictates thinking about the structure and functions of its component parts. For example, under the linear, pipeline model there would be no need for a conductor because a steady supply of "basic" research, transferred to applications, would be sufficient to lead to societal benefits. Thus, the most important tasks under this model would be to ensure the supply and quality of research and to ensure that the research can be transferred into operations. While this model has obvious appeal, it does not readily produce answers to questions such as those raised in the sidebar on page 394.
AN INTEGRATED PERSPECTIVE ON WEATHER PREDICTION.
If the symphony metaphor is an accurate description of the weather prediction enterprise and its objectives, then an integrated perspective is necessary to providing public and private decision makers with information that would enhance their abilities to effectively allocate resources to weather (and within the weather enterprise itself). Integration is required in the context of effective evaluation of forecast products as well as the forecast process.
One of the most important criteria for evaluating weather forecast products is accuracy, defined as the difference between what is forecasted and what actually occurs. The more accurate a forecast is, the greater its potential value to a decision maker. Scientists have invested considerable effort in evaluating the accuracy of forecast products, and some have suggested that additional efforts are needed (Doswell and Brooks 1998) . The results have shown a demonstrable longterm improvement in the ability of forecasters to pre-| dict the weather, as measured by objective criteria (e.g., NRC 1999). According to the American Meteorological Society (1991, p. 1273):
"The notable improvement in forecast accuracy that has been achieved since the 1950s is a direct outgrowth of technological developments, basic and applied research, and the application of new knowledge and methods by weather forecasters. High-speed computers, meteorological satellites, and weather radars are tools that have played major roles in improving weather forecasts."
Of course, weather forecasts are not always reliable or usefully specific, but their accuracy (or relative inaccuracy) can be quantified by metrics that bear some relationship to the use of weather information. This track record sets weather forecasting apart from all other predictive earth sciences (Sarewitz et al. 2000) .
But it is critical to recognize that an accurate forecast product is insufficient for a successful weather forecast process (Katz and Murphy 1997). 5 More generally, success in any one of the three subprocesses does not necessarily result in benefits to society (e.g., Doswell and Brooks 1998; Roebber and Bosart 1996; Vislocky et al. 1995) . A technically skillful forecast that is miscommunicated or misused can actually result in costs to society (Pielke 1999b) . Similarly, effective communication and use of a misleading forecast can lead to decisions with undesirable outcomes. For the process to work effectively, success is necessary in all three elements of the forecast process: prediction, communication, and use. Further, success requires healthy connections between each of the elements; they cannot be considered in isolation, that is, with the tasks of prediction, communication, and use delegated to unconnected parties. Integration of evaluation methods is a necessity, such as through the development of verification metrics with a clear relationship to societal impacts.
Because the forecast process is comprised of multiple elements there is no single measure that captures the societal goodness of a forecast process. Instead, multiple measures are needed to evaluate the technical, communication, and decision dimensions of forecasts. Typically, policy makers have focused attention on the costs and benefits of forecasts in order to determine a "bottom line" assessment of value, while social scientists have studied the communication process (e.g., warnings) and physical scientists have evaluated forecasts according to technical criteria like skill scores and "critical success indices." These different foci are important and necessary; however, the segregation of evaluation tasks has meant that no one is responsible for evaluation of the entire forecast process.
The net result is that we try to improve the system by working on its components while ignoring critical interactions visible only from a more comprehensive perspective. Consequently, when policy makers or other users of weather forecasts ask the general question "what is the value of an improved forecast?" and expect to get an aggregate answer in dollars or lives, they ask the wrong question, one based implicitly on a linear relation of research with societal benefits. They ought to instead ask, "what changes to the existing forecast process (predict, communicate, use) can we expect to lead to desired or improved outcomes?" and expect the answer to be contextual, multidimensional, and a combination of objective and subjective measures. This perspective forces the integration of knowledge that is needed to better understand the relationship of the weather forecasting enterprise and the broader society of which it is a part.
CONCLUSIONS.
The nation has invested considerable resources into the development of understanding and technologies to meet the expected demands of its citizens for improved weather forecasts. Regrettably, many of the fruits of these investments have not yet been realized as useful products for decision makers, hence benefits to the nation are considerably less than they might be otherwise (e.g., NRC 2000) . Examples include data from satellites and radars that are not fully or effectively used (Dabberdt et al. 1996) , techniques for the manipulation of data that are understood but not used (Schlatter 2000) , and knowledge of human judgment that is not incorporated into the development of useful products (Stewart et al. 1992) .
At the core of such problems is a mismatch between the capability of the weather forecasting enterprise to produce scientific and technological advances, and its capability to translate those advances into useful information. A challenge facing the nation is thus to implement an improved forecasting process that takes full advantage of our continuing national investment in observations, research, and technology. Without enabling an improved forecast process the nation will not fully benefit from its ongoing investments, Two recommendations follow straightforwardly from the perspective offered herein:
1) The weather community should take on fully, as its responsibility, the systematic and comprehensive understanding of weather and forecast impacts. It is difficult to target scarce resources (much less argue for a greater share of those scarce resources) on the so-called "low hanging fruit" without some objective confirmation of where that fruit is. While there is almost universal recognition that such information is important, little progress has been made in systematically developing and sustaining a knowledge base of weather and forecast impacts. Superficial or short-term benefit-cost studies, often commissioned hastily by public agencies in support of annual budget requests tend to cloud rather than clarify understanding, and certainly siphon resources from the development of a more reliable and robust understanding. 2) Leaders in the weather community should seek to develop a substantive understanding and vision that wields real, not pretended, power and leads the community to work in a mutually reinforced collaboration toward common goals. 6 The various parts of the weather prediction community are each members of a broader enterprise with common goals of considerable societal importance. These common goals are unlikely to be reached if the community proceeds in the balkanized fashion that has characterized it in the past-public versus private, research versus operations, satellite versus in situ, and other lines of division. Both the weather community and the broader society of which it is a part would benefit from an overarching perspective on the weather prediction enterprise and the effectiveness of its processes.
Of these two recommendations the first will be much easier to achieve than the second. Achieving the first requires a modest resource allocation, given that the infrastructure and expertise necessary to obtain knowledge of impacts largely exists (e.g., Pielke et al. 1997; USWRP 1997) . Achieving the second requires a fundamental shift in the structure of the community. It requires strong and balanced leadership with a greater breadth of interaction than is presently associated with institutions, agencies, and sectors of the community in the United States. But in spite of the difficulties posed by these obstacles, there is reason for optimism: societal demand for useful knowledge in return for support for the weather prediction enterprise may itself compel needed change. Of course, such change will likely be more effective and with less pain if motivated from within rather than without.
As the United States moves into the twenty-first century, the nation expects greater accuracy, timeliness, and reliability in weather forecasts, as well as an increased number of useful products (NRC 1998) . In an improved forecasting process, such products could play an increasingly important role in both public and private sector decision making. Furthermore, an improved forecast process could provide expanding opportunities to better protect life and property, stimulate economic activity, enhance national competitiveness, and contribute to environmental management (NRC 1998) .
Because the nation has not yet fully benefited from its weather investments, many scientists are concerned that the public, through the government, will react by reducing support for research. But this would be a mistake, and illogical from the perspective of weather forecasting as a prediction process. It would be much as if the owner of a grocery store with a backlog of bread on its shelves were to address this problem by telling farmers to stop planting wheat. The issue is not like regulating flow through a pipeline, but rather like managing numerous parallel processes to form a coherent whole-again, like trying to get a symphony orchestra to produce music. Thus, a central challenge facing the community is to identify opportunities to improve forecast processes and to recommend alternative courses of action necessary and sufficient to open the way to more effective and efficient capitalization of the considerable public-private investment in weather forecast research and technology.
A limitation more fundamental than resources is leadership. If the various forecast processes and individual enterprises are to work together like the components of a symphony orchestra, then these currently suffer from the lack of a functional "conductor." No organization or entity has embraced the collective measure of responsibility for improving forecast processes. A committee of the National Research Council has arrived at a consistent conclusion in a broad review of atmospheric research: "no one sets the priorities; no one fashions the agenda" (NRC 1998, p. 58) . While many participants in the nation's fore-| casting system agree that the process should be improved (by someone), the community has not organized itself to systematically evaluate the existing process and implement improvements. Candidate conductors, from various sectors of the community are self-evident; however, none presently command the full breadth or mutual trust needed to affect the common interests of the weather prediction enterprise. Others outside the community might take on a leadership role, such as the National Academy of Sciences, the President's Council of Advisors on Science and Technology, or even the U.S. Congress. But until someone takes or is given responsibility to better integrate the multifaceted forecast process, it is likely that a gap will continue to exist, if not broaden, between knowledge of weather forecasting and its effective use. Without recognition that it is the integrated forecast process that needs attention, and not simply improvement in forecast products, implementation of even the best-intended plans is likely to fall short of achieving the nation's potential in outcomes related to weather prediction.
